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Abstract
Since Great Hanshin Earthquake,investigation of earthquake has been started. In
that investigation, to estimate earthquake in accuracy to base of evaluating risk,
the reserch about Ground Motion Simulator with high accuracy and exibility has
been studied. We need ne lattice in order to disperse three dimensions structure
in enough accuracy and caluculate short cycle earthquake. In practical caluculation
we must consider from hundreds of millions to billions lattices. We need huge calu-
culating memory and it takes a few days to caluculate. Recently, GPUs, which are
the hardware of graphic processing, have been applied to general problems. They
are called GPGPU and have attracted much attention, using many cores of GPU
we can parallelize huge datas and get speed up. But we must study special lan-
guage for GPU programming, GPU programming is very dicult. This paper says
improvment in the speed with GPU parallelization for Groud Motion Simulator.
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?1? ????
??,?????????????????????GPU(Graphics Processing Unit)
?, ?????????????, ????????? GPGPU(General Purpose
Computing on GPUs) ???????????????.[1]GPGPU ?, ?????
??, ?????????????????, ????,N ???, ????????
??????????????. ???????? TOP500 ????, ??????
?? GPU ????????? TSUBAME ?, ????????????????
???????? GPGPU ????????????????????, ?????
??????????????????. ????NVIDIA ? PGI ???????
????????????????????????????OpenACC?????
?????[2]????????????????????????????????
????GPU ????????????????????????????GPU?
?????????????????????????GPU??????????
?????????GPU??????????????????????????
?????????GPU ???,CPU ? PCI-Express ?????????????
???, ??????????, ????????????????????????
??????????????????GPU?????????????????
????????????????????????????? 2??GPU???
?????????? 3?????????????????????????? 4
???????????????????? 6????????????.
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?2? GPU?????????????
????????
????,GPU????????CUDA??????OpenAcc????????
???
2.1 CUDA??
CUDA??,NVIDIA??????,GPU???????????????????
????????, ?????????????????.[3]???????????
GPU?????????,C???????????????.??,???????
????????? FFT(????????),?????????????????
?????.
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2.2 GPU???????
?????GPU?????????????.
2.2.1 GPU????????
GPU??????????? 2.1???.
? 2.1: GPU?????????
? 2.1????,GPU???????????(?????,??????????
?????,?????????????) ?,??????????????.???
???????????,??????????????????????. ????
??????????????????GPU?????????????.
2.2.2 ????????????????
GPU????????????.???,GPU????????????????
?? (????????,?????????,???????????????)?,?
????GPU????????????????????????????? (??
??????,????,?????????????????????)???.??
??,???????????????????????,????????????
????????????????????????????,??????????
????????????????????.CPU??????????,?????
????????,GPU???????????????????,GPU?????
????? CPU????????????????????.??????? API
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? 2.1: GPU?????????????
?????? GPU???????? ???????????
???????? R/W R/W
??????? ????????? R W
???????? R W
??????? R/W N/A
???????? R/W N/A
???????? ???? R/W N/A
?????????? R N/A
??????????? R N/A
?????.????????? 2.1??????.???N/A?,????????
???.
???????????????????????????,GPU???????
??? 400?600???????????, ?????????????????,?
?????????????.??,?????????? CPU?????????
?????? 2GB/sec? (???? 4GB) ??????,????????????.
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2.3 CUDA??????????
????,CUDA?API?,????????????????????.
2.3.1 GPU????
CUDA????GPU???????,GPU?????CPU????? (????
?)???????.????main??????,????GPU??????? (?
?????)?????????.
2.3.2 CUDA????????
CUDA??,???????????????????????.?????GPU
????????,?????????????????????????,????
??GPU?????????????.?????????????????.
GPU????????????,?????????????????????,?
?????????????????????????. ????????????
????????????.???,??????????????????????
???????,??????????????????????????????
??,????????????????????????.
????????????????????????.?????????????
????????????,????????.??,??????????????
???????????,??????????????????.????????
? 2.2???.
? 2.2: CUDA????????,GPU???????????
2.3.3 ????????CUDA API
GPU??????????????,2.2.2??????????. ?????,?
??????????GPU???????,?????????????.
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for (i = 0; i < N; i++) {
for (j = 0; j < N; j++) {
C[i][j] = A[i][j] + B[i][j];
}
}
? 2.3: Doall?????
????GPU??????????????,GPU?????????,????
??????????????????????????????????. ???
??GPU??????????????,???????????????????
???????. ????????????????????,cudaMalloc????
???????????????.??????????????????/????
????,cudaFree??????????????????.
??????,????? cudaMemcpy??????????????.????
?,??????????.
2.3.4 CUDA?????????
????,C?????CUDA????????????????????????.
? 2.3???? 2?? oat???????????????? C?????, ?
2.4?????????.
????????,1????????,? 2.3????? 1???????????
????????.
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%%???????
__global__ vectorAdd(float (*d_A)[N], float (*d_B)[N], float (*d_C)[N])
{
int i = blockIdx.x;
int j = threadIdx.x;
d_C[i][j] = d_A[i][j] + d_B[i][j];
}
%%??????????????????
cudaMalloc((void**) &d_A, sizeof(float) * N);
cudaMalloc((void**) &d_B, sizeof(float) * N);
cudaMalloc((void**) &d_C, sizeof(float) * N);
%%??????????????????
cudaMemcpy(d_A, A, sizeof(float) * N, cudaMemcpyDeviceToHost);
cudaMemcpy(d_B, B, sizeof(float) * N, cudaMemcpyDeviceToHost);
%%???????
vectorAdd <<< N, N >>>(d_A, d_B, d_C);
%%??????????????,????????
cudaMemcpy(C, d_C, sizeof(float) * N, cudaMemcpyHostToDevice);
%%???????????????????
cudaFree(d_A);
cudaFree(d_B);
cudaFree(d_C);
? 2.4: ? 2.3? CUDA?????
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2.4 OpenAcc???
????OpenAcc???????OpenAcc?? NVIDIA?? PGI??????
?????????????????GPU???????????????????
GPU???????????????????????????????GPU??
????????????
2.4.1 PGI????????
???? PGI????????????PGI??????OpenAcc??????
????????PGI ??????The Portland Group Inc ??????????
?????????????? Intel ??????? AMD???????????
??????, 32 ???/64 ?????????????????????????
???????. ??, 2009 ?????????GPGPU ????????????
??????????.????TOP10????????TSUBAME2.0?????
?????
2.4.2 OpenAcc???
????OpenAcc???????????????GPU???????????
??????????????????????????????????????
??????CPU??????????????GPU???????????
 GPU????????
 CPU?GPU????????????????????????
 CPU?GPU?????????
 ?????GPU????????????????????????????
??????
 ??????????????????
2.4.3 OpenAcc??????
????OpenAcc??????????????
OpenAcc?????Data ??????????),Accelerate Compute ???ooad
????,?Loop ??????????????????????????????
?????????????????????????????? Fortran ????
?????????, C ????!$acc?#pragma??????????
 !$acc data [clause]
Data??? CPU?GPU????????????????????
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{ copyin
???????????????
{ copyout?
???????????????
{ create
????????????????????????
{ present
???????????????????????
{ deviceptr
?????????????????????
 !$acc kernels
kernel????????????????????????????????
????????????????
 !$acc loop
{ collapse
???? n??? nested?????????????????.
{ seq
GPU?? loop??????????????
{ private
loop?? iteration????????????????????????
??
{ reduction (operator: list)
iteration???????????????????????????
2.4.4 OpenAcc???????????
????OpenAcc??????????????????????????,fortran
?????OpenAcc????????????????????. ? 2.5???? 2
?? oat???????????????? fortran?????, ? 2.6?????
????.
????? CUDA?????????OpenAcc??GPU??????????
??????????????????????????????????????
?????????????????????????????? CUDA????
???????????????
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do i = 0, n
do j = 0 , j
C(i,j) = A(i,j) + B(i,j);
end do
end do
? 2.5: Doall?????
!$acc data copyout(C)
!$acc data copyin(A,B)
!$acc kernels
do i = 0, n
do j = 0 , j
C(i,j) = A(i,j) + B(i,j);
end do
end do
!$acc end kernels
? 2.6: OpenAcc??
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?3? ??????????
????????????? (GMS: Ground MotionSimulator) ????????
???
GMS????????????????????????3 ??????? (FDM)
???????????????????????????????? Fortran90 ?
???????????????????????????
Aoi and Fujiwara?1999???????2004??????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???? I??????????????????? II?????????? I ? 3
??????????????????????????????????????
?? 3.1????2 ?????????????????????????????
??????????????????????????????????????
???????????????????????????
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? 3.1: ???????????
???GMS?????????main???????????????????
Do step=1,100
??????????????
??????????????
????????????
????????????
???????HDF??????????
End do
?????????????????????????????????????
??????????????????????????????????????
??????
Do z =1,depth
?Do y =1,length
??Do x=1,width
????????
?? End do
? End do
End do
??????????????????????????????????GPU?
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?4? ????
????,???????????????????????
4.1 ????
???????GPU?NVIDIA? Tesla C2050?????Tesla C2050????
? 4.1????
4.2 ????
???CPU????????GPU?????????CPU,GPU???????
??????????????????????????????????????
??????????????? 4.1? 4.2????
? 4.1: ????
? 4.1????????CPU??????? 250??GPU??????????
? 326??GPU?????????????? 149?????????GPU???
? 4.1: Tesla C2050???
??? ???????? ?????
448 1180MHz 3GBytes
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? 4.2: ????
??????????????????????????????????????
???????????CPU????????????? 4.2??????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????
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?5? Discussion
????????????????????
B. CloutierB. Cloutier?????????????????????????CUD-
AFortran,CUDAC,OpenAcc???????????????[5]??????CUD-
AFortran,CUDAC,OpenAcc?????????????OpenAcc????????
????????????????????????????CUDAFortran???
CUDAC????????CUDAFortran???????????????????
??????
?????CAPS entreprise??????GPGPU???????????????
? HMPP? OpenAcc??????????????????????[6]????
??????GPU?????????HMPP?????GPU?????CUDA?
OpenCL?????????????????????????????
???????GPU???????? CUDA?????????????????
?????????????????????????????????????
GPU?????????????????????
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?6? ?????????
6.1 ???
????GPU??????????????CUDA?OPENCL???????
??????OPENACC????????????GPU????????CPU?
250?????????? 149????????OPENACC? CUDA??????
????????????????GPU???????????????????
????????????CUDA??????????????????CPU??
?GPU???????????????????????????????
6.2 ?????
?????????????? 420? 420? 100???????????????
????????????GPU???????????????????????
????????????????GPU ???????????????????
?????????????????????????????GPU ??????
?????????????????????????????GPU??????
??????????????????????????????????????
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